Abstract: Information and communication technologies are crucial for intermediaries in electronic business. In order to compete with strong competition in internet-based markets, differentiation from competitors is required. This means that innovative service ideas need to be implemented in order to succeed. The approach discussed here is helpful in reducing the complexity of matching service ideas with the most suitable information and communication technologies. This paper explains the methodology and describes the insights gained during its practical application for selecting wireless technologies for intermediary logistic services. 
Introduction
The forecasts about the change from an industrial to a service society have proved to be true in recent decades, and the change is still going on. The availability of fast and comprehensive information and communication technologies promotes the importance of information and knowledge in business and social life. Therefore, a transition to an information society is generally accepted.
Systematic approaches have become widely accepted for the development of new services. 'Service Engineering' [1, 2] 'Dienstleistungsengineering' [3] and 'Service Management' [4] for example use the basics of engineering science and emphasise a methodical approach. In contrast to these cases, however, such structured methods are rarely used for the development of electronic business, often abbreviated as e-business. As a study conducted by the Research Institute for Operations Management at Aachen University of Technology (FIR) showed, companies in Germany lack practical procedures that support the exploitation of the potentials of the internet, wireless networks and other new media. Although the benefits of information and communication technology (ICT) systems have become widely acknowledged since the initial development of information technology (see e.g. [5] [6] [7] ), they were mostly used to support existing processes whereas their potential for the development of new business models remained neglected. This changed only during the internet boom, when the use of ICTs was proclaimed to be a business model in itself. Nonetheless, the 'dot-com-crisis' soon after showed that a purely creative approach to develop electronic businesses does not entail commercial success in most cases. As a matter of fact, it is still essential to regard customer problems and profitability in a rational and clearly structured way. Therefore, it is a substantial challenge for science to develop methodologies that meet these requirements. This is all the more true as new technologies, especially wireless networks, lead to new potentials such as mobility, personalisation and ubiquity of information on the one hand, but on the other hand increase the complexity of (electronic) business development. The Research Institute for Operations Management aims to develop models and methodologies which allow companies to make use of the potentials of ICTs and which regard the complex interdependencies between organisational and technological potentials in an integrated way. These methodologies make use of the basic ideas of engineering science in order to achieve this goal in a systematic way: therefore, this approach is called e-business engineering.
As an example for e-business engineering, we intend to present a methodology that meets the companies' requirements for practical models and methods for electronic business development. Our methodology will try to enable the planning of technology employment. In order to achieve this goal, it will integrate the technological application potentials (mobility, personalisation, ubiquity,…) with the planning of their application, i.e. electronic services. We intend to show how a systematic approach to the exploitation of the potentials of ICTs can be achieved by models, procedures and tools.
In order to emphasise the scientific challenge, within the following section we will investigate in detail the problems companies face with the introduction of e-business. We will pay particular attention to the problems of small and medium sized enterprises (SMEs). In the next section we will discuss the requirements for a suitable solution to these problems. Subsequently, as an example for e-business engineering, we propose a methodology that allows information service providers an integrated planning of services and ICT-employment regarding the potentials of information and communication technologies. This methodology has been developed for intermediaries in electronic business, particularly wireless networks and has been tested in the case of a fourth party logistics provider (intermediary). In order to illustrate a successful implementation of the methodology we will describe a concrete application example. Finally, we will discuss further scientific challenges in respect to the proposed methodology.
E-business technologies in small and medium sized enterprises -results of a study
The rapid development of modern ICTs, especially the internet, promoted the pervasion of e-business. E-business here means the holistic ICT-based support of inter-organisational and intra-organisational processes and transactions [8] [9] [10] ). In order to further investigate the benefits of e-business for enterprises and to learn about obstacles that inhibit its introduction in more detail, the FIR conducted a study among more than 120 enterprises. In brief, the results of this survey indicate that companies appreciate the potentials of e-business, but face several problems that prevent its introduction. These problems are especially:
• intransparency of the potentials of current ICTs
• intransparency of the potentials of future ICTs
• complexity of the integration of information technology (IT) systems.
Apparently, the main obstacles lie in the complexity of integration and the intransparency of the potentials of ICTs [11] . In order to reduce this complexity, structured methods and systematic approaches are required. Further analysis revealed that companies especially lack planning tools that support business planning tasks in an operative way, reference models that help to fulfil planning and development tasks in a systematic way and benchmarks that enable companies to evaluate their own performance. Small and medium sized enterprises are especially affected by these problems [12] . Due to their limited number of employees they cannot easily access comprehensive expert knowledge and thus are reliant on structured approaches and scientific models. This is especially true for intermediaries, as they act in a highly competitive market [13] . Within the following section, we therefore intend to determine the problems of intermediaries in more detail. The insights gained will then be used to derive the specific requirements for a methodology that enables them to plan information services that make use of current and future ICT potentials.
Problems of intermediaries in e-business
In e-business intermediaries play an important role, because they provide their clients with information services, e.g. broking offers and demand via electronic platforms like emarketplaces and virtual exchanges [14] .
However, especially in e-business, intermediaries have to exist in a very competitive market. The entry barriers to this market are rather low, as no expensive machinery (e.g. in most production enterprises) or licenses (e.g. UMTS licenses) are required. Furthermore, high market transparency and global competition lead to low prices as electronic networks do not have geographical borders. Therefore, in order to succeed in their market they must pursue strategies that distinguish them from their competitors and thus justify higher prices [15] . This can be achieved by the planning and implementation of individual, innovative services, that are difficult to imitate [13, 16, 17] .
As intermediaries provide information services, the introduction of new services is directly linked to the employment of information and communication technologies (ICTs). According to a study of the Boston Consulting Group, approximately 30% of the investments of electronic market places are used for ICT infrastructure [18] . This greatly increases the importance of technology employment planning. The use of suitable technologies can be a decisive competitive advantage [19] [20] [21] . From a technical point of view, the considered planning objects should therefore be single technologies instead of preconfigured information systems [22] [23] [24] [25] . These technologies have to be matched with the services they are intended to support. This means that the properties of technologies as well as their availability, maturity and costs have to be considered along with the properties of the striven services (customer problems, required resources, company potentials and so on). This matching is multidimensional as not only services and technologies do have interdependencies, but, moreover, the technologies and services can be linked among themselves (see [11, 26] ). Possibly, only the combination of several technologies qualifies for an application potential, e.g. the combination of GSM and GPS enables the potential of precise locatability.
The development of such individual solutions is a very complex task and is accompanied by high costs. Hence, a thorough and integrated planning of service development and ICT employment is essential.
Nonetheless, today, the planning processes of services and ICTs are usually separated. Although scientific models and methods are available, which allow the systematic analysis of customer problems as well as company potentials, and incorporate this information to generate new service ideas, these methods do not consider how technology potentials can enable new services [27, 28] .
Due to this fact and because of limited human resources, up to now the possibilities for service development are built up within the enterprises themselves, whilst the ICT employment planning is delegated to the technology suppliers. However, without an integrated planning methodology the combination of the technological view with the service view remains inhibited. Hence, information and communication technologies are not regarded and exploited as drivers of new business ideas. In order to solve this problem, an integrated planning methodology is required.
Requirements for a methodology for technology employment planning in the field of intermediary services
In order to solve the problems outlined above, a methodology for technology employment planning has to reduce the complexity of the planning task, considering the different aspects discussed in the previous section. In particular, the following requirements can be derived:
• reduction of the complexity of the planned items • systematic discovery of the service potentials of companies • systematic discovery of the potentials of ICTs • integrated consideration of services and ICTs • practicable methods and easy implementation.
As previously noted, a clearly defined procedure is necessary to exploit the potentials of ICTs. A methodology for the planning of information services in conjunction with information technologies therefore needs to be based on an integrated procedure model that defines the planning steps in detail. This procedure model requires a corresponding description model that describes the abstract elements of the planning, i.e. services and ICTs.
Methodical background and state of the art
The development of e-business solutions follows a development process that starts with the research and development of ICTs and ends with the operation of complete e-business systems. This development process is accompanied by a planning process that can be divided into the phases of technology planning, technology employment planning, information system (IS) planning and finally information system employment planning. The models and methods used in the different steps will be discussed further in the following Sections. ICTs will thereby be defined as devices and operations that are able to transmit, process, store, input or output any kind of data ( [29] [30] [31] [32] . Opposed to this, information systems are understood as combinations of ICTs that were assembled to fulfil a certain set of tasks (see [23, [33] [34] [35] [36] [37] ).
Discussion of planning
In order to discuss current models and methods in respect of their feasibility to support the planning task mentioned above, we need a clear definition of the term 'planning'. It is defined in various ways by different authors (see [38] [39] [40] [41] [42] [43] ). Despite the variety of definitions they all consider planning as a systematic thinking process that aims to define suitable tasks to achieve a certain goal. This process depends on the given circumstances and can be divided into the phases of analysis, generation and assessment. The process takes place in respect of a higher objective. With this understanding in mind, the following approaches are considered, in order to determine their suitability for integrated technology planning.
Planning of information technologies
The planning of information technologies deals with the decision, concerning the point in time at which resources are used to develop and improve information technologies. The higher objective is to supply the market with the right ICTs at the right time.
In literature, no scientific models or procedures can be found that deal explicitly with the topic of technology planning. Nonetheless, several authors do touch on the topic implicitly [44] [45] [46] [47] [48] [49] [50] [51] . All in all it becomes obvious, that the methods for technology planning do regard the possibilities of its employment in general, but do not consider its usage in special cases or concrete situations. Operative planning tasks therefore cannot be carried out using these methods. Moreover, there is no integration with service aspects.
ICT employment planning
As outlined above, the planning process consists of the three phases analysis, generation and assessment. Therefore, the methods for ICT employment planning need to support the gathering of all relevant information during the analysis phase in order to provide them to the planner during the generation phase. Consequently, in the assessment phase the different service and technology alternatives that are developed in the generation phase have to be considered in order to decide which of them should be implemented. During the whole process, the interdependencies between ICTs and the tasks they will be used for, as well as the interdependencies among themselves have to be considered. In literature, however, there are no contributions that deal directly with this matter. Nevertheless, publications can be found in the same context (see [29, 52] ).
The methods proposed in these publications describe approaches in order to decide which technologies are important for an enterprise in general. However, procedure models that are suitable to fulfil the operative planning task are not provided. Moreover, an integration with the planning of services is not covered by these methods.
Planning of information systems
The objective of the planning of information systems is to enable the creation of information systems, which make business processes more efficient and more effective. For this purpose a number of different approaches and models have been developed. Among the most import are the ARIS-architecture [35] , the H-model [33] , the model of Mertens [53] , the ISM-model [34] or the ISA-model [29] .
All these models for information systems have in common the fact that they model the information systems as a set of functionalities. The underlying ICTs are only considered in so far as at least one ICT has to be available that can provide the necessary functionality in general. Regarded on this abstract level, the exploitation of technology potentials is hardly possible [22] . Furthermore, the development of new services based on these potentials is just as difficult.
Employment planning of information systems
The employment planning of information systems contains the selection and introduction of information systems in enterprises. In the past, a number of models were developed to support this task (see [5, 7, 54, 55] ). These models are used to describe preconfigured information systems (standard software) and to record desired specifications. These specifications are eventually used to compare different information systems and to select the one system best suited for the intended purpose.
Like the models for information system planning, the above-mentioned approaches use functionalities to describe the information systems instead of concrete technologies. For this reason, they can hardly be used to exploit technology application potentials. Also, the different authors do not consider integration with service planning. Consequently, it would be difficult to use theses models in order to resolve the tasks described in Section 3.
Planning and employment planning of other technologies
Technology employment planning has been an important topic for other technologies for quite some time. Models and methods for production technology employment planning have been well known since the mid-1980s [56] [57] [58] [59] [60] [61] .
The different authors are in agreement that the operative planning tasks have to be conducted with regard to the strategic background. The planning itself has to consider the numerous links and interdependencies between the different technologies and the cycle of product innovation and process innovation (see [62] ).
At present, several powerful tools are available to support the tasks of production technology employment planning. An example of these tools is the so-called technology calendar ( [60, 61] see [63, 64] ). The concept of the technology calendar can be transferred to support the information technology employment planning task. However, it must be extended to reflect the service part of the problem and to visualise the interdependencies between services and ICTs.
Intermediate conclusion
The methods and models discussed in this section are unsuitable for solving the problem described in Section 3. An integrated view of ICTs and information services or service ideas is not supported by any of these approaches. Nonetheless, some of the aspects can be transferred to support the formulated tasks. Regarding these aspects, we developed a methodology that meets the requirements mentioned in Section 4 and supports the tasks of an integrated information technology employment planning. This methodology was especially developed by the analysis, modification and extension of the models and methods discussed in this section.
Integrated information technology employment planning and service development
Despite the interdependencies between information services and information technologies pointed out above, the planning is usually separated. Therefore, the particular potentials cannot be fully exploited. The model suggested in the following sections considers these interdependencies and enables the planner to take full advantage of these potentials. By dealing with technologies instead of systems, the planning is not limited to abstract functionalities, but instead can take advantage directly of the different information technology potentials.
The integrated description model
The integrated planning methodology is based on an integrated description model that covers all relevant properties of services and service ideas, parameters of the considered ICTs as well as the complex links among them. The model proposed here was developed with regard to the requirements formulated in Section 4. Besides a distinction between services and technologies, strategic as well as operative planning aspects are taken into account. The elements of the description model will be briefly discussed below. Although the planning process itself is an operative task, it is influenced by the corporate strategy that is derived from the corporate objectives (see [29] ). It is necessary to differentiate between service-related and technology-related aspects. The company's corporate strategy influences the ICT strategy, which, for instance, defines whether the intermediary plans to be a technology pioneer or technology follower. However, there are no self-contained ICT objectives, since ICT is only used as an enabler for the actual services. Both strategies determine the company's required actions on the strategic level, which can be differentiated into service and technology aspects. This could be, for instance, a repositioning on the market or the establishment of strategic alliances with technology providers.
On the operative level, the model describes the objects of the planning process, i.e. services or service ideas as well as information and communication technologies. In order to be able to decide whether a certain service should be offered on the market, qualitative and quantitative assessment criteria have to be defined. Finally, based on these assessment parameters, the required actions can be derived and documented via our model. Figure 1 illustrates the elements of the description model and the interdependencies among them.
Particularly challenging is the concrete description of the abstract planning objects, i.e. services and ICTs. This also includes the reduction of the complexity of their numerous properties. This was achieved by limiting the description to the relevant aspects without neglecting the important features. 
Description of services
Since the consideration of interdependencies between services and information technologies is essential in order to perform the planning task successfully, the description model is detailed further in this respect. Commonly accepted is the description of a service as service result, service process and service potential (see [65] [66] [67] [68] [69] ; see also Figure 2 ). Service potential signifies all resources that are necessary to provide the particular service. This includes both internal resources such as employees and working capital and external factors such as market position and customer potential. Customer potential in this particular case means the resources of the customers, e.g. their infrastructure such as internet appliances or mobile devices, as well as their financial resources, i.e. willingness to pay. While these elements are used to provide a certain service, the striven outcome is represented by the service result. As this service result is supposed to solve the problems of the customer, it can be looked upon as the reversal of the problem. The activities necessary to achieve this result are represented by the service process. This process can be regarded on different levels of detail. In order to carry out the operative planning task, however, the highest level of detail has to be selected as it reveals the so-called elementary steps of the service process. These elementary steps are characterised by the fact that they cannot be decomposed any further. Therefore they can be matched with at most one of the elementary functions of the ICTs that are described below (see Figure 2) . 
Description of information technologies
The information technologies needed to support certain process steps are described by their technological elementary function and their application potential. The technological elementary function describes which function can be carried out by a certain technology. As this function is elementary, each technology can be assigned exactly one elementary function, namely:
These functions are characterised in more detail by a set of technology parameters. The dimensions of this set depend on the basic function as well as on the technology itself. Storage technologies are, for instance, usually described by capacity and access time, whereas transmission technologies are rather defined by bandwidth, bit error rate or delay.
All properties of the ICTs that cannot be described as a parameter of the elementary function represent the application potential. The locatability and mobility of mobile telephone technologies or the portability of storage media are examples for this.
When looking at Figure 2 it becomes obvious that, just like at the strategic level, no independent technology result exists. This is due to the fact that the ICTs are only used as a catalyst in order to be able to provide information services. Figure 2 also illustrates the interdependences between services and ICT technologies both on process/function as well as on the potential level.
As outlined above, the resources that are available for the provision of a service determine the fundamental abilities of a company to solve customer problems. These service potentials correspond to the application potential of the information technologies, as these represent the fundamental abilities of an ICT (see above).
The description model suggested here fulfils the demand to reduce the complexity formulated above as it makes the abstract planning objects, i.e. ICT technologies and services, manageable. Moreover, an integrated consideration of technologies and services is taking place, as the model represents the interdependencies among them.
The integrated procedure model
The integrated planning process can be divided, as already mentioned above, into three subsequent phases, namely analysis, generation and assessment (see Figure 3) . They can be supported by different tools and methodologies. The workflow of these phases is documented by the procedure model and will be explained in the following sections. 
Analysis
During the analysis phase, all objects relevant to the planning have to be gathered and documented. These are in detail:
• customer problems • corporate service potentials • information and communication technologies.
As a means of supplementary documentation, an integrated database can be used. The data structure of the database should then be based on the proposed description model. Besides the collection of data about all objects involved in the planning it is also part of the analysis phase to identify such customer problems and technology potentials that are most likely to succeed. For this task, a matrix analysis can be used. In two matrices customer problems and corporate service potentials or ICTs respectively are lined up (see Figure 4 ). Through this, it can be determined in a systematic manner which customer problems can be solved best by the existing service potentials as well as which technologies contribute substantially to the solution of a number of customer problems and are therefore attractive for the particular enterprise. 
Generation
The first step of the generation phase is the selection of a particular customer problem that has to be solved. This can be done by using the analysis matrix described above. Subsequently, a solution for this customer problem has to be developed. For this task, different creativity techniques can be performed. This could be, for instance, brainstorming, method 635, synectic or similar methods. As a matter of fact, the striven service result is obtained by the inversion of the customer problem. Furthermore, the service potentials that are required to provide the service can be derived from the matrix analysis since they were already assigned during the analysis phase. This matching can also be documented in the planning database. As mentioned above, the steps required to provide the services are represented by the service process. It consists of a number of single activities that in the end lead to the striven service result. The adequate and detailed definition of each of these activities requires the creativity of the planner. Here, too, creativity and moderation techniques as well as methods like process decomposition (see e.g. [35] ) can be used to support the planner. After the service process has been defined, it can also be documented in the database. While planning the service process, it is important that all process steps are elementary, i.e. cannot be further decomposed. If this constraint is respected, each activity can be assigned, at most, one technology, that is intended to support the particular step. The technology has to be selected in such a way that it optimally supports the particular activity of the regarded service process. To achieve this, it is first necessary to decide, which of the elementary functions matches the activity. If the process step is elementary, as postulated above, it can be assigned exactly one elementary function. If more than one elementary function is necessary to support the particular step, it is not elementary and therefore has to be decomposed into at least two separate steps. After the technology function is defined, the planner can select the one ICT that is most suitable to support the considered activity. This can be done by means of the technology parameter set.
As mentioned in the abstract of this paper, the methodology was tested in the logistic sector. As a typical example, the activity of the service process could be the retrieval of a parcel number at the moment it is delivered to its receiver. Such a task obviously requires an input technology. From the possible technologies such as number pad, barcode scanner or touch screen, the planner selects the most suitable and assigns it to the particular process step.
When selecting the technologies for the process steps, the planner has to take the temporal availability of the respective technologies into account. If the technology that was selected to support a particular step is not available on the date the public offering of the service is intended to start, a conflict arises. As a result, either the introduction of the service has to be delayed or a technological alternative has to be found which is available on that date.
Finally, the assignment of technologies and the process steps are documented. This can, for instance, be done by means of database relations. An electronic documentation also facilitates the reuse of already planned processes in parts or as a whole and supports a variation of the process at a later point in time.
Since the service result can usually be achieved in more than one way, different alternatives of the process usually arise during the generation phase. It is part of the planning to eventually select the best alternative. This is done during the assessment phase.
Assessment
The assessment of various alternatives is focussed on two different aspects. On the one hand, the decision has to be made regarding which customer problems should actually be solved, as not all of them promise market success or fit within the corporate strategy. On the other hand, it is necessary to determine which of the alternative processes worked out during the generation phase is the optimal solution for the respective customer problem and should therefore be implemented.
The assessment can be conducted by using, for instance, portfolio techniques (see [23] ). The utility of each alternative (customer problems and processes) is determined in three dimensions:
• profitability (efficiency utility) • competitive advantage (effectiveness utility) • required investments.
The profitability can be calculated from the difference between expected turnover and the presumable costs per period. The turnover can be estimated as the product of the attainable price of the services times the number of potential customers times the demand per customer and period. On the costs side, fixed costs, such as personal costs, as well as variable costs, for instance for the purchase of third party supplementary services, depreciations and capital costs have to be considered. All in all, the one alternative that delivers the highest profitability should be preferred. In contrast to this, the effectiveness represents the contribution to the corporate objectives. In order to assure the long term success of the enterprise, competitive disadvantages have to be diminished and advantages have to be increased. The required investments directly concern the company's liquidity, which also needs to be regarded during the planning. Hence, it may be necessary to reject service ideas although they would be profitable and effective, because they would require too high investments and therefore threaten or even exceed the liquidity of an enterprise.
To visualise the results of the assessment phase, portfolios are a suitable means. Figure 5 shows an example about four service alternatives based on different transmission technologies. The three different dimensions profitability, effectiveness and investments can be weighted individually for each enterprise by the definition of a trade off function. 
Supplementary tools
As pointed out in the sections above, the planning task can be supported by different tools. The application of powerful tools can increase the manageability and efficiency of the planning in so far as the repetition of work is avoided and the task can be carried out concurrently by different people. In the following we therefore present two of the tools we developed to support the planner at his task.
As the analysis phase of the planning is considered, the gathering of information about the planning objects is the major part of the work. In the case of the information technologies, this means to document the properties and potentials from the company's point of view in a structured way, in order to have them available during the generation phase. To achieve this, we propose an integrated planning database (iPDB). The use of a database ensures that information can easily be retrieved, results can be reused and decisions can be reconstructed at a later point in time. Moreover, by the use of a multiuser capable interface the collection of data can be conducted simultaneously by several users. This enables technology experts to document their knowledge in the database and afterwards grant the planners access to this data during the generation phase.
Besides information technologies, the iPDB also gathers the customer problems and corporate service potentials as well as service ideas. Moreover it is able to store the service process including its different activities and to assign each of them a particular ICT via database relations. In our particular case, the relation model is not coded into the database, but new relations can always be defined by the planner via the graphical user interface. Additionally, this approach also enables relations between elements of the same type. Hence, a service idea can be related to another service idea by an 'is an alternative to' relation, if both ideas solve the same customer problem but use different service processes or different technological scenarios.
As outlined above, the different activities of a process are supported by different ICTs. The matching between these activities and the technologies is also documented in the database. Therefore, by regarding the service process as a whole, it is possible to derive the list of all technologies that are required to provide the particular service. If only one of the technologies from this technology dependency list (TDL) is unavailable, the specific service cannot be offered on the market in the way it was planned, since at least one of the activities of the service process is dependent on a technology that is unavailable. In order to visualise these complex interdependencies, a technology calendar was developed to give an overview of the required technologies and their interdependencies with the services. Figure 6 shows a simplified example of such a technology calendar.
The example depicted in Figure 6 goes back to the logistics sector and shows, among other things the service idea of a time window delivery. A time window delivery means, that the receiver of a parcel negotiates a narrow timeframe for delivery with the parcel carrier. As it can be seen from the interdependency line in the calendar, the example in Figure 6 was planned to be based on UMTS in at least one step of the service process. While looking at the picture it becomes obvious though, that UMTS will not be available by the time the offering of the service is intended. This is indicated by the availability gap. Such a situation can arise either because the temporal constraint was neglected during the generation phase, or because the technology providers delayed their introduction of UMTS after the planning of the service had finished. Hence, the technology calendar indicates a need for action. The planner now needs to decide, whether the introduction of the time window delivery service has to be delayed or whether technological alternatives can be found to replace the missing UMTS technology. 
Practical application of the methodology
The methodology suggested here was used in a research project that deals with the exploitation of wireless technologies for intermediaries. In this particular case, the intermediary is a fourth party logistics provider (see Figure 7) . The fourth party logistics provider (4PL) takes over control and coordination from his business customers and, for instance, negotiates delivery terms and time with those receiving the delivery. Afterwards, he selects a suitable carrier and assigns the transportation task to him. During the project, the intermediary function between business customers and carriers was particularly regarded.
The methodology proposed here was used to develop a new service by making use of the potentials of wireless ICTs and the service potentials of a 4PL. Just like the procedure model explained above, the project was divided into the phases of analysis, generation and assessment. 
Analysis
During the analysis phase, several technology experts with the help of the integrated planning database gathered all relevant ICTs. Concurrently the 4PL documented his service potentials and the problems of his (business) customers in the same database. After the conduction of the matrix analysis, the customer problem of a low delivery success rate was selected. This problem could be tracked down to the fact that the receivers do not want to stay at home all day waiting for a parcel to arrive.
Generation
Because of this, during the generation phase a solution to this consumer problem was developed: By the new service of a time window delivery the waiting time for the receiver can be significantly decreased. As the consumer can select a time frame as narrow as 15 minutes, the probability of meeting the receiver when the parcel arrives at his home is extremely high. The service potentials used in this particular case can be seen from Figure 4 . The technology potentials used were
The service process was designed in a way that the delivery driver, the so-called parcleman, has all information needed to assure a punctual delivery at his disposal at any time. Vice versa, status information is constantly transmitted to the 4PL headquarters, so that the employee responsible for scheduling and controlling is always informed about the state of each delivery. The steps of the service process were supported by ICTs whenever reasonable. This included, for example, information display for the parcleman (output technology) or the scanning of parcels delivered to the receiver (input technology). Moreover, several transmission technologies were considered to transmit the status information. In particular these were GSM CSD (global standard for mobile telephony circuit switched data), HSCSD (high speed circuit switched data), GPRS (general packet radio service) as well as TETRA (terrestrial trunked radio). Since this decision had substantial impact on the project, several alternatives where generated and assessed separately during the assessment phase.
Assessment
In this third phase, the alternatives generated during the second phase were assessed according to the procedure explained above. While doing so, the TETRA alternative was turned down, although it had low variable costs (meaning high efficiency). This was done due to the fact, that TETRA requires a large and very expensive infrastructure (at least in the considered context) and thus substantial investments that by far exceeded the limits of the 4PL. Opposed to this, the HSCSD alternative had very few investment requirements, but rather high variable costs, as it bundles several GSM channels. Therefore, HSCSD was also rejected in favour of the GSM CSD alternative that had the same investment needs but substantially lower variable costs. Although the GPRS alternative had even lower variable costs, it was also turned down. Despite the high efficiency, GPRS suffers from very high delays during information transfer and therefore imposes unbearable waiting times on the parcleman. It therefore has a very low effectiveness, as it is not likely to be accepted by the intended users.
The selected concepts designed during the planning phase were implemented and tested as a prototype and additionally examined by means of ergonomics.
Final conclusion
The integrated planning of services and information technologies is a very complex problem, which requires an appropriate methodology for its solution. This methodology needs to reduce the complexity and make the planning task manageable. The methodology suggested here meets these requirements. It delivers a description model that enables the documentation of the abstract planning objects as well as a procedure model that facilitates the planning task. By its practical application it was demonstrated that it is a powerful means for intermediaries and other information service providers. Despite having worked well in the application case so far, it is clear that further testing is required. This is not an easy task, though, as the number of enterprises that are innovative enough to switch part of the technology planning from their supplier to their own, is still limited.
At the same time, further research requirements emerged. This concerns, for instance, the selection of ICTs for the individual steps of the service process. At the present time, this is left to the intuition of the planner. There is no formal procedure to suggest which technology is the most suitable for a particular activity. Moreover, the portfolio methods used during the assessment phase only deliver a rough overview of the alternatives. No decision criteria are formulated for the case in which a totally dominant solution does not exist. Also, the life cycle model used to determine the availability of ICTs is rather simple.
Modern ICTs offer a large number of innovative possibilities. The application of our methodology is a powerful means for enterprises to exploit the potentials of these technologies to enhance their service portfolio.
In order to use our methodology, thoroughly investigated data about information and communication technologies is required. According to our problem statement above, it is not efficient for the service providers to collect that database themselves. Instead they should obtain the necessary data from technology experts such as consultants or technology suppliers in the form of a technology database. Unfortunately, this technology database is not yet available on the market. We are, however, cooperating with German technology suppliers in order to make such a database available via the internet.
The application of the proposed methodology is intended to support the concrete planning of innovative services. It is therefore not suited to develop abstract visions based on new technologies. On the one hand, this supports the generation of concrete results that are realisable in practice. On the other hand, it cannot replace the development of long-term strategies and visions.
Overall, the methodology delivers a first approach for the integrated planning of services and ICTs. It is a good example of the systematic development of electronic business and e-business engineering. Last but not least, the keen interest from intermediaries as well as from technology providers has proved, that the problems that have been addressed here are highly relevant to the industry.
